Biochemical and molecular genetic studies were performed on four unknown Gram-stain-positive, catalase-negative, coccus-shaped organisms isolated from tonsils (n53) and nasal samples (n51) of four wild rabbits. The micro-organism was identified as a streptococcal species based on its cellular morphological and biochemical tests. Comparative 16S rRNA gene sequencing confirmed its identification as a member of the genus Streptococcus, but the organism did not correspond to any recognized species of this genus. The closest phylogenetic relative of the unknown cocci from wild rabbits was Streptococcus acidominimus NCIMB 702025 T (97.9 % 16S rRNA gene sequence similarity). rpoB and sodA sequence analysis of the novel isolate showed interspecies divergence of 16.2 % and 20.3 %, respectively, from the type strain of its closest 16S rRNA gene phylogenetic relative, S. acidominimus. The novel bacterial isolate could be distinguished from the type strain of S. acidominimus by several biochemical characteristics, such as the production of esterase C4, acid phosphatase and naphthol-AS-BI-phosphohydrolase and acidification of different sugars. Based on both phenotypic and phylogenetic findings, it is proposed that the unknown bacterium be classified as a novel species of the genus Streptococcus, Streptococcus cuniculi sp. nov. The type strain is NED12-00049-6B T (5CECT 8498 T 5CCUG 65085 T ).
Biochemical and molecular genetic studies were performed on four unknown Gram-stain-positive, catalase-negative, coccus-shaped organisms isolated from tonsils (n53) and nasal samples (n51) of four wild rabbits. The micro-organism was identified as a streptococcal species based on its cellular morphological and biochemical tests. Comparative 16S rRNA gene sequencing confirmed its identification as a member of the genus Streptococcus, but the organism did not correspond to any recognized species of this genus. The closest phylogenetic relative of the unknown cocci from wild rabbits was Streptococcus acidominimus NCIMB 702025 T (97.9 % 16S rRNA gene sequence similarity). rpoB and sodA sequence analysis of the novel isolate showed interspecies divergence of 16.2 % and 20.3 %, respectively, from the type strain of its closest 16S rRNA gene phylogenetic relative, S. acidominimus. The novel bacterial isolate could be distinguished from the type strain of S. acidominimus by several biochemical characteristics, such as the production of esterase C4, acid phosphatase and naphthol-AS-BI-phosphohydrolase and acidification of different sugars. Based on both phenotypic and phylogenetic findings, it is proposed that the unknown bacterium be classified as a novel species of the genus Streptococcus, Streptococcus cuniculi sp. nov. The type strain is NED12-00049-6B T (5CECT 8498 T 5CCUG 65085 T ).
A limited number of new bacterial species from rabbits have been described in the last few decades (Scardovi & Zani, 1974; Biavati et al., 1991; Heller et al., 1999; Hoyles et al., 2000; Zanoni et al., 2009; Christensen et al., 2011) . In particular, there are many unknown or poorly understood aspects about the streptococcal species isolated from rabbits, despite the considerable expansion undergone by the genus Streptococcus (Parte, 2014; http://www.bacterio.net) . In this study, we report the phenotypic and phylogenetic features of four Streptococcus-like organisms isolated from nasal (NED12-00049-6B T ) or tonsil (NED12-00041-7C, NED12-00042-7C and NED12-00051-7C) swab samples from four healthy wild rabbits which were hunted on the same day and at the same location. Samples were collected, transported under refrigeration to the laboratory and processed for bacteriological analysis within 48 h. Rabbits were located in the forest of El Pardo (Madrid, Central region of Spain). Samples were cultured on Columbia-CNA agar plates that were incubated at 37 u C for 24 h under aerobic and anaerobic [with 4-10 % CO 2 using GasPak Plus (BBL) system] conditions. On the basis of the phenotypic and phylogenetic results, a novel species of the genus Streptococcus is proposed.
Phylogenetic analysis was performed by comparative 16S rRNA gene sequence analysis as described previously (Vela et al., 2002) . A large continuous fragment (approx. 1440 bases) of the 16S rRNA gene of the four isolates (NED12-00041-7C, NED12-00042-7C, NED12-00051-7C and NED12-00049-6B T ) was determined from PCR-amplified products The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene, rpoB and sodA sequences of strain NED12-00049-6B T are HG793791, HG793796 and HG793795 respectively. The GenBank/ EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains NED12-00041-7C, NED12-00042-7C and NED12-00051-7C are HG793792, HG793793 and HG793794, respectively.
Three supplementary figures and a supplementary table are available with the online version of this paper.
were used in the gene sequencing reaction. Comparative sequence analysis revealed 99.9-100 % sequence similarity between the isolates, thereby demonstrating their high genealogical relatedness. Sequence searches of the GenBank database using the program FASTA (Pearson, 1994) revealed that the unknown cocci were members of the genus Streptococcus, being most closely related to Streptococcus acidominimus NCIMB 702025 T (97.9 % 16S rRNA gene sequence similarity). Sequence similarity of isolate NED12-00049-6B T with other species of the genus Streptococcus was less than 96.2 %. Sequences of the type strains of all species of the genus Streptococcus were retrieved from the GenBank database and aligned with the newly determined sequence using the program SeqTools (Rasmussen, 2002) . Phylogenetic trees were reconstructed according to three different algorithms: neighbour-joining (Saitou & Nei, 1987) using the programs SeqTools and TreeView (Page, 1996; Rasmussen, 2002) , maximum-parsimony using the software package MEGA version 4 (Kumar et al., 2004) and maximum-likelihood using the PHYML software (Guindon & Gascuel, 2003) . Genetic distances for the neighbourjoining and maximum-likelihood algorithms were calculated using Kimura's two-parameter method (Kimura, 1980) , and close-neighbour-interchange (search level52, random additions5100) was applied in the maximumparsimony analysis. The stability of the groupings was estimated by bootstrap analysis (1000 replications). Phylogenetic trees obtained by using the neighbour-joining algorithm ( Fig. 1 ) and the other two methods, revealed a clear affiliation of the unknown cocci (as exemplified by strain NED12-00049-6B T ) to the genus Streptococcus. It is evident from the phylogenetic tree based on the neighbourjoining algorithm (Fig. 1) , that isolate NED12-00049-6B T formed a distinct subline, clustering with S. acidominimus NCIMB 702025 T . Bootstrap resampling analysis demonstrated a significant association between isolate NED12-00049-6B T and the aforementioned species. Similar results were obtained with the other two algorithms.
Housekeeping genes other than the 16S RNA gene are also suitable for identification at the species or subspecies level, as demonstrated for several bacterial phyla (Holmes et al., 2004; Martens et al., 2008; Naser et al., 2007) . In particular, sequence analysis of sodA and rpoB genes has been shown to be a useful tool for differentiating streptococci on phylogenetic grounds (Poyart et al., 1998 (Poyart et al., , 2002 Drancourt et al., 2004; Vela et al., 2011) . Partial sequences of rpoB (701 bp) and sodA (397 bp) genes were amplified using primer pairs d1 and d2 (Poyart et al., 1998) and StreptoF and StreptoR (Drancourt et al., 2004) , respectively, and sequenced as described previously (Glazunova et al., 2006) . The four isolates shared 100 % similarity for both the rpoB and sodA sequences. Evolutionary distances, the resulting trees and bootstrap values were determined as described above. Isolate NED12-00049-6B T formed a branch separate from other species of the genus Streptococcus in phylogenetic trees inferred from rpoB and sodA sequence comparisons (Figs S1 and S2, respectively, available in the online Supplementary Material). The rpoB and sodA sequence similarities of NED12-00049-6B T and the type strain of its closest 16S rRNA gene phylogenetic relative S. acidominimus were 83.8 % and 79.7 %, respectively (divergence values of 16.2 % and 20.3 %, respectively). These divergence values are higher than the mean interspecies divergence values obtained with these genes between pair species of the genus Streptococcus (Glazunova et al., 2009 (Glazunova et al., , 2010 . These data support a separate species status for the unidentified catalase-negative cocci from wild rabbits.
The four novel isolates were Gram-stained and assessed for the presence of catalase. The haemolytic reaction was determined on Columbia agar containing 5 % desfibrinated sheep blood (bioMérieux) incubated aerobically at 37 u C for 24 and 48 h (Facklam & Elliott, 1995) . Determination of the growth at 4, 15, 22, 30, 37 and 42 u C was performed in brain heart infusion broth (Difco) with the pH adjusted to 7.5 (Facklam & Elliott, 1995) . The ability of the isolates to tolerate the presence of 3.5, 4.5 and 6.5 % NaCl was assessed as recommended by Facklam & Elliott (1995) . The isolates were biochemically characterized using the Rapid ID32 STREP, API 50 CH and API ZYM systems (bioMérieux) according to the manufacturer's instructions. The API 50 CH strips using the CHB suspension medium were read following up to 7 days of incubation at 37 u C. Isolates exhibited almost identical biochemical characteristics. The phenotypic characteristics that differentiate the proposed novel species from the closest related species are shown in Table 1 . Because determination of the Lancefield group antigen is still an important routine identification technique, the serological group reaction of the isolates was determined with the commercial Slidex Strepto kit (bioMérieux) by using specific group A, B, C, D, F and G streptococcal latex agglutinating antisera. The novel species did not react with any Lancefield group antisera. 16S rRNA gene sequencing reveals that the genus Streptococcus comprise distinct 'species groups' that can be separated based on several microbiologic tests (Whiley & Hardie, 2009 ). Characteristics differentiating the proposed novel species from these streptococcal 'species groups' are indicated in Table S1 .
The four strains from wild rabbits were characterized by pulsed-field gel electrophoresis (PFGE) profiling of their genomic DNAs, after digestion with the restriction enzyme BspI, according to previous specifications (Vela et al., 2003) . Similarities between restriction endonuclease digestion profiles were based on visual comparisons of the band patterns of strains run in the same gel. Strains differing in at least one band were considered different. Strains displayed three different PFGE restriction profiles (Fig.  S3 ). Strains NED12-00041-7C and NED12-00051-7C had identical PFGE profiles. The profile of NED12-00042-7C could be differentiated from strains NED12-00041-7C and NED12-00051-7C in a single band and the one of NED12-00049-6B T could be differentiated in three different bands.
Overall, the results of the present polyphasic study demonstrate that the characteristics of the novel strains from wild rabbits match those described for the genus Streptococcus and the strains should be assigned to this genus. The phylogenetic, genotypic and phenotypic differences clearly demonstrate that the strains merit classification as a novel species, for which the name Streptococcus cuniculi sp. nov. is proposed.
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Streptococcus cuniculi NED12-00041-7C (HG793792) The type strain, NED12-000496b T (5CECT 8498 T 5CCUG 65085 T ), was isolated from the nasal sample of a wild rabbit; the full habitat range is not known. Three additional strains of the species are NED12-00041-7C, NED12-00042-7C and NED12-00051-7C, and were isolated from tonsil samples of wild rabbits. 
